The Forest Service of the U.S. Department of Agriculture is dedicated to the principle of multiple use management of the Nation's forest resources for sustained yields of wood, water, forage, wildlife, and recreation. Through forestry research, cooperation with the States and private forest owners, and management of the National Forests and National Grasslands, it strives-as directed by Congress-to provide increasingly greater service to a growing Nation.
Summary
The Pacific Northwest Research Station Forest Inventory and Analysis (FIA) Program conducted a forest inventory on American Samoa to assess forest area, stem volume and biomass, tree damages, and associated understory vegetation. Twentyone field plots were sampled by FIA and American Samoa foresters on the islands of Tutuila, Ta'u, Olosega, and Ofu. Land cover was mapped from high-resolution satellite imagery to stratify the field sample. Total forest area, including agroforest, was estimated to be 43,631 acres, or approximately 90.1 percent of the land area on these islands. Approximately 7 percent of the land cover is urban, the majority occurring on Tutuila. Gross stem volume was estimated as about 72 million cubic feet, inclusive of all size classes. The aboveground stem weight for trees at least 5 inches in diameter was estimated to be 1.1 million tons. Approximately 17 percent of the trees sampled had some form of damage, with the dominant damages being open wounds. Where the damaging agent could be identified, the primary causes were weather (25 percent) and insects (15 percent). In one-third of the cases of damage, a primary damaging agent could not be positively identified. Fifty tree species and 86 understory species were measured on 21 sixth-acre plots. The FIA Program conducts a systematic, sample-based, field inventory across all ownerships in the Pacific Islands on a periodic basis. Prior inventory work in American Samoa ) concentrated on developing a vegetation type map and assessing tree volumes for forest types. The current effort estimates the area of forest types, tree size distribution, volume, biomass, rooting and crown characteristics, and damages for living and dead trees. The inventory helps resource managers define the extent, size distribution, and species composition of their forested and nonforested lands, and after remeasurement, the change in their resources.
Empirically based knowledge of the status and trends in forest vegetation can help managers plan sustainable supplies of wood, control invasive species, control erosion, and manage disturbances such as fire and animal damage.
Objectives:
1. Test adapted FIA data collection and analysis methods in the tropical Pacific Islands.
2. Estimate the area of forest land by stand size class.
3. Estimate the volume, biomass, and carbon storage for trees by species and diameter class.
4. Estimate the numbers of trees that have died and those affected by insects and disease.
5. Share measurement and analysis techniques among groups involved in the inventory.
Methods

Site Description
American Samoa is a group of five volcanic islands, Tutuila, Aunu'u, Ta'u, Olosega and Ofu, and two coral atolls, Rose and Swains. The volcanic islands are topographically complex with steep rugged terrain. Slopes exceeding 70 percent occur on about half of the volcanic landmass (Nakamura 1984) . Mount Lata, on Ta'u, is the highest point in American Samoa reaching 3,166 feet in elevation. On the largest island in the group, Tutuila, Mount Matafao reaches a height of 2,142 feet. The climate is hot and humid with little variation in temperature annually and diurnally, but with a pronounced dry season lasting June through September ( fig. 2 ).
Natural disturbances in American Samoa include hurricanes, past volcanic eruptions, and soil erosion. Hurricane frequency is moderate as American Samoa is east of the most active hurricane-producing storm tracks. Erosion is prevalent in deep volcanic soils on steep, cleared slopes. Humans have cleared forest, primarily on the lower, gentler slopes, and contributed to ecosystem disturbance by introducing nonnative plants, animals, insects, and diseases. The upland rain forest has also been logged on sites where soils permit agricultural use (Mueller-Dombois and Fosberg 1998). The government of American Samoa leases 9,000 acres on three islands (8,000 terrestrial, 1,000 aquatic) to the U.S. Department of the Interior, National Park
Service. This park was established in 1988 with the lease extending for 50 years.
Vegetation Types
Mueller- Dombois and Fosberg (1998) 
Analysis Methods
The FIA program defines different land categories (strata) across a landscape by using aerial photography or satellite imagery. The simplest stratification is separating land into forest and nonforest. However, stratifications can be assisted or refined by using ancillary data, such as topography, soils information, life zone or climate information, and prior inventories of vegetation groups.
The American Samoa land-cover stratification was conducted via a classification of IKONOS satellite data. Cloud cover on the interior of the islands was masked out and replaced with pieces of a vegetation map produced in 1988 from aerial photography. The initial classification divided the landscape into forest, urban, nonforest vegetation, barren, and water land types. Ten percent cover of trees was used as the basis for the forest land classification and includes both agroforests and mangrove forests. Nonforest vegetation includes other vegetation types with less than 10 percent cover of trees. The acreage each field plot represents was derived by dividing the total acreage of forest by the number of field plots falling within the geographic bounds of that specific land cover. Mean stand size is expanded to the landscape level by using the same expansion factors. Wood volume was estimated for individual trees by using tree height and two stem diameter measurements. These measurements are expanded to volume estimates by using equations for sections of a cone. Biomass for individual tree stems is estimated by using the specific gravity for known species (11 out of 51 species measured on American Samoa have known specific gravities). For species where specific gravity is not known, an average specific gravity, according to island group, is used. Figures for aboveground tree biomass are estimated by using bole volume and do not include branch, foliage, or root biomass. An additive combination of relative density and relative basal area (importance value) is used to classify forest types and assess species dominance in a stand. Site productivity estimates traditionally require forest stand age, derived from the annual rings of forest trees. Because tropical trees do not produce consistent annual rings, a modified topographic relative moisture index (TRMI) (Parker 1982 ) was used as a proxy for site productivity. The TRMI used a weighted, additive combination of slope steepness, slope shape, and slope position to assess the potential moisture channeling to a forest stand. Although moisture is not likely to be the only factor limiting tree growth, here it serves as a proxy for productivity until we can obtain remeasurement data for forest productivity.
Reliability of FIA Data
The area of land cover types mapped from the IKONOS classification is assumed to be accurate and is used as the basis for the expansion of the numbers of trees, tree volume, and tree biomass from the plot scale to the forest-type scale. Possible sources of error not accounted for in our estimates include errors in the land cover map owing to incorrect interpretation of the image, errors from rounding when working with pixel-based imagery, and measurement errors on field plots. Standard errors for the expansion of our estimates from field plots to the forested landscape were calculated according to the proportion of area occupied by forest. Forest area was treated as known rather than estimated, and variance was calculated by using methods in Cochran (1977) . With one standard error as our basis for evaluation, there is a 68-percent chance that the true total gross stem volume (trees >5 inches diameter at breast height) on American Samoa lies between 59,798,356 and 73,600,504 cubic feet. There is a 68-percent chance that the true number of trees (>1 inch diameter) on American Samoa lies within the range of 15,257,877 to 20,551,881.
Resource Highlights
Forest Area
The islands of American Samoa are primarily forested ( 
Loss of Forest Land and Mangroves
The FIA group recently digitized the 1988 American Samoa land cover map ) to compare with the recently produced IKONOS-based land cover map.
We estimate that forest land area has declined by about 3 percent over the 15-year period (figs. 4 and 5, table 2). However, during this same period, the area occupied by mangroves has declined by approximately 18 percent as shown by the land cover maps. Mangrove area has declined rapidly as increasing population and urbanization pressure has led to cutting and filling of mangroves (Whistler 1980 
Productivity
Potential productivity on forest land is relatively high where there are sufficient plains, plateaus, and local depressions to hold precipitation for plant growth ( fig.   6 ). However, much of American Samoa is steeply sloped terrain (Nakamura 1984) where soil is retained primarily by vegetative cover (Mueller-Dombois and Fosberg 1998). In the first forestry survey of American Samoa, Nelson (1964) reports, "…approximately half of the forested area is of such steep slope and thin soil that practical considerations and the need to protect watershed values should prohibit or limit forest utilization of disturbances."
Forest Structure
Forest stands tend to be dominated by moderate-sized trees that primarily range from about 5 to 20 inches in diameter ( fig. 7 ). The majority of forest acreage is classified as stands with trees that average 5 to 10.9 inches in diameter. No stands were classified as larger diameter (20+ inches) stands; however, there are occasional large trees within the matrix of moderate-sized trees.
Regeneration
Regeneration in American Samoa forests is plentiful. The diameter distribution for trees follows a reverse-J pattern, typical of all-aged forests ( fig. 8, table 3 ). Through time, the numbers of trees growing into larger diameter size classes steadily decreases with increasing size class as competition and mortality take their toll. Hurricane, insects, disease, and human disturbance contribute to mortality as well.
Wood Volume
Tree stem volume on forest land in American Samoa averaged approximately 1,530 cubic feet per acre. Reanalysis of the 1985 timberland data for American Samoa shows stem volume to have been approximately 1,700 cubic feet per acre at that time 3 . 0 -4 . 9 5 . 0 -6 . 9 7 . 0 -8 . 9 9 . 0 -1 0 . 9 1 1 . 0 -1 2 . 9 1 3 . 0 -1 4 . 9 1 5 . 0 -1 6 . 9 1 7 . 0 -1 8 . 9 1 9 . 0 -2 0 . 9 2 1 . 0 -2 2 . 9 2 3 . 0 -2 4 . 9 2 5 . 0 -2 6 . 9 2 7 . 0 -2 8 . 9 2 9 . 0 +
Diameter (inches)
Trees ( 
Biomass and Carbon
Biomass and carbon distribution by diameter class closely follows the pattern seen in volume by diameter class ( fig. 10 , tables 6 and 7). Approximately 22 percent of the individual tree species that were recorded on the FIA plots had known specific gravities for biomass calculations. The remainder of the species were assigned a specific gravity based on the average of known species.
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Biomass total, all classes: 1,100,526 
Numbers of Canopy and Understory Species
In addition to tree measurements, understory vegetation was identified and its cover was estimated when it occupied at least 3 percent of an FIA subplot. Specialinterest species that were considered important by local foresters were estimated 
Tree Damage and Mortality
Approximately 17 percent of the trees measured had some form of visible damage ( fig. 12, table 10 ). The primary damage types were evident as open wounds and conks (fungal growth on the trunk often indicates rot). Damaged shoots often result in lost apical dominance, meaning that a stem leader is damaged to the point that another branch assumes dominance as the primary stem.
The FIA field crews attempt to assign a causal agent to tree damages that can help local forest managers detect forest pest problems before they become widespread. Often, the cause of damage cannot be reliably identified and is assigned as unknown. However, by studying the surrounding area looking for patterns of branch breakage and blowdown or signs of human or insect activity, a causal agent can be assigned to a damage type. Weather, insects, and humans tend to be identified as important primary and secondary disturbance agents in American Samoa forests (figs. 13 and 14). Note: Percentage cover of "1" indicates cover less than or equal to 1 percent. Cover estimates are averaged among subplots where each species was found. A total of 72 subplots were surveyed for vegetation cover. The number of subplots where a species was found and the standard deviation for cover estimates provide an idea of spatial variability for each species across the island group. Very little evidence of mortality was encountered on our sample plots. Hibiscus tiliaceus was the only dead tree species that could be reliably identified on FIA plots. From these data we estimated that about 12 percent of this species was dead.
Epiphytes
Plants that physically grow on trees by using space and moisture that might otherwise be available for the growth of the host tree are considered epiphytes in the FIA inventory. Depending on the amount and weight of plants growing in the branching network of a host tree, breakage of tree limbs can occur. Epiphytes also provide benefits including habitat, food supplies, and cooling effects in tropical forests. Field crews rated each tree sampled in the inventory according to epiphyte loading. We estimate that most trees on American Samoa support few or no epiphytes (table 11) .
Pilot Test Outcomes
The methods used for this inventory were adapted from the national FIA Program.
Although consistency in measurement between regions is critically important, some adaptations were required to capture the differences found in these tropical forests. We have maintained the ability to compare this data set with data collected in other FIA regions and have standardized these methods for the inventory of the Figure 13-One-third of the most significant damages on trees were caused by unknown damaging agents. Weather, insects, and humans were the primary known damaging agents. In addition to providing results for change detection, the FIA inventory provided field training for local foresters. The ongoing inventory has been conducted on a different island group each year by a multinational crew that has included the American Samoa foresters trained during this pilot test.
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